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This report is presentee in partial fulf i l l .enl  of the requirearnte of 

paragraph 5.1 of Exhibit E of Contraat Hoe U S  9-1100 and wmtain8 the 

natural and indueed enviromwnts to be used f o r  the deelgn of the LEM 

a d  its equipaent, 

report are pre l iminw and are intended a6 a guide t o  the magnitude of 

the values and the oparatlonal mnditions oauslng them. 

t h i n  report dl1 be issued a8 f i r m  informetion beaomes available, 
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The d e a o l  values presented I n  th i s  iraue of thr 
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- *  

General - 1. 

- The LEN and i t 6  eubsyetems shall be designed 
and environmental condi t ions here in  as well as 

t h e  p a r t i c u l a r  mission requirements as set f o r t h  in the d e t a i l  spec i f i&t ions .  

Design procedures shall be conducted i n  accordance w i t h  recognized r a t i o n a l  
p r i n c i p l e s  wi th in  the  followlng framework. 

1.1.1 
produce reliable equipment f o r  t he  lunar  Landing mission. 
accmpl ished  by ana lys i s  and test  of the f a i l u r e  modes f o r  each i t em of 
equipment during the design developnent. 
i s  t h e  a b i l i t y  t o  p red ic t ,  accura te ly ,  not only the  type, o r  mode, of f a i l u r e  
but  the stress l e v e l  a t  which it occurs.  
go hand-in-hand so that the  e f f e c t  of changing design f e a t u r e s  on the  failure 
modes wlll be part of the design trade-off evaluat ions and the r e l i a b i l i t y  
assessment . 

Design - The purpose of the e n t i r e  design and t e s t  e f f o r t  i s  t o  
This purpose is  

The objec t ive  of t h i s  f a i l u r e  ana lys i  

The design and failure analyses must 

S t r e s s  l e v e l ,  as used here,  means the i n t e n s i t y  of any parameter, such as 
pressure,  voltage,  temperature, e t c .  w h i c h  a f f e c t s  the ab i l i ty  of t h e  equip- 
ment t o  perform i ts  design f'unction. 
environmental condi t ions imposed on the  equipment and the self-induced condi- 
t i o n s  due t o  operat ing the equipnent f o r  the design mission t h e .  Operating 
t i m e  ( o r  number of cyc les )  should a l s o  be considered as a c r i t w i a  var iab le .  
The n a t u r a l  and induced environments given i n  this repor t  a r e  the maximum 
l e v e l s  that can be expected t o  o c m  i n  any LEN mission. Rational canbina- 
t i o n s  of these  environme'ntal and self-induced conditions mus< be considered i n  
the design of each i t e m  of equipment. 

These parameters cons i s t  of both the  

The f a c t o r  of s a fe ty ,  that i s ,  the r a t i o  of the allowable stress t o  t h e  
design stress, must be se l ec t ed  s o  that the  l ike l ihood of failure under the 
naximum mission l e v e l  stresses i s  acceptably remote. 
failure is due, in part t o  the  range of d i s t r i b u t i o n  of strength available; 
t h i s  range being due t o  material and cons t ruc t iona l  va r i a t ions  from one part 
t o  another.  This l ike l ihood,  expressed as a p robab i l i t y ,  leads t o  the num- 
e r i c a l  r e l i a b i l i t y  of the item of equipment under considerat ion.  

1.1.2 Tests - The developlent test program supports the design e f f o r t  by 
providing design data, a id ing  i n  mterial, cmponent and part se lec t ion ,  
verif 'ying design concepts and safety factors; s u b s t a n t i a t i w  design assump- 
t i o n s  frm breadboard t o  design freeze, evaluating environmental e f f e c t s  and 
determine f a i l u r e  modes and operating c h a r a c t e r i s t i c s  under off-design coda-  
t i o n s .  These tests should l o c a t e  such critical features as v ibra tory  reso- 
nances, i n t e rmi t t en t  operat ion and other non-linear anormalies i nd ica t ive  of 
p o t e n t i a l  weakness o r  malfunction as well as t h e  e f f e c t s  of i n t e r a c t i o n  be- 
tween environmental and opera t iona l  parameters. 

The l ike l ihood of 

- 
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As an i n t e g r a l  p a r t  of t h e  develapment t es t  program, s t r e s s - t o - f a i l u r e  
tests w i l l  b e  employed t o  obtain f a i l u r e  mcles and/or s a fe ty  margins which 
exist  i n  the  f l i g h t  weight design. These tests, i n  canbination with back- 
ground data, must pmvide information which gives us a measure of t h e  u n i t  
t o  unit v a r i a b i l i t y  of s t rength.  

The s ign i f i cance  af t h e  s t r e s s - t a - f a i l u r e  tests will 'be increased by 
s t r e s s i n g  t h e  equipment t o  f a i l u r e  after cxposinG it t o  m e  simulated mission 
aperat ing cycle. This  simulated mission cycle w i l l  include a l l  c r i t i c a l  
environnents and loads due t a  acceptance and check aut  t e s t i n g  p lus  all 
phases af handling and missim operation. 

These tes ts  are a h g i c a l  extension of t h e  Ciesily v e r i f i c a t i o n  p w t i o n  
of the devebpment tests i n  that they p m v i j e  useful infarmatian earljr i n  
t h e  program as w e l l  as check 3n t h e  a b i l i t y  of t h e  equipment t o  pass qual- 
i f i c a t i o n  tests. 

The information from the stress t o  f s i l u r e  tests as w e l ,  as  o the r  
d e v c l h n t  b e t s  combined with t h e  design anslysic;, should r e s u l t  in 
such a ccmplctc understanding of' the equipment charactcrlstjcs that She 
accu-ate p red ic t ion  of failure modes can he  made. 
ion the requimments f o r  qusl i f ' icatfon testing can be firmla egtabi ished.  

Baaed on this iIAfOX7BELt- 
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1.1.3 
begin during the design ana lys i s  a t  t h e  time when it first becomes apparent 
which are the c r i t i c a l  c h a r a c t e r i s t i c s  of  t h e  equipment. Thought should be 
given a t  t h i s  e a r l y  stage, t o  non-destructive tests, inspect ions o r  oper- 
a t i o n a l  pmcedures which w i l l  give meaningful information 3n t h e  presence 
o r  l a c k  of adequate strength o r  operat ional  capab i l i t y .  
be checked during t h e  foregoing t e s t i n g  t o  pmvide t h e  necessary assurance 
tha t  the object ives  of the acceptance tes ts  w i l l  be a t t a ined .  This prelim- 
inary set  of acceptance t e s t  requirements must be complete before  equipment 
q u a l i f i c a t i m  s ince  equipment must be "accepted" before  it can be "qual i f ied".  

Acceptance Tests - The planning f o r  t h e  acceptance tes ts  should 

These concepts should 

The eventual purpose of t he  acceptance t e s t s  is  t o  show tha t  t he  equip- 
nent i s  representat ive of and the perfomlance i s  equivalent t o  the equipment 
used i n  q u a l i f i c a t i o n  tests. 

1.1.4 
demonstrate t h a t  equipment t ha t  can pass the acceptance tests has t h e  design 
safety f a c t o r  and w i l l  f a i l  as predicted.  

Q u a l i f i c a t i o n  Tests - The q u a l i f i c a t i o n  tests s h m l d  be planned t o  

The q u a l i f i c a t i o n  equipnent, therefore ,  w i l l  go thmugh three t e s t  phases: 

1. The f i r s t  phase w i l l  consis t  of the acceptance t e s t s  derived fmm 
the development e f f o r t  mentioned above. 

2. The second phase w i l l  be made up of two p a r t s :  

a. The f irst  p a r t  w i l l  consis t  of tests t:, demonstrate t h e  exis tance 
of s a f e t y  f a c t o r s ,  as required by t h e  failure analysis ,  f o r  a l l  
c r i t i c a l  modes. Tnese tests, of necessity,  will be run a t  stress 
levels higher  than m a x i m u m  mission level.  
permitted a t  the q u a l i f i c a t i o n  level.  

No f a i l u r e  w i l l  be 

b. The second p a r t  w i l l  consis t  of an endurance test  performed w i t h  
missim leve l  envimnments using operat ing time rather than stress 
as tine c r i t i c 6  parameter t o  tlffeci iiie eyuiprrierit fiirictl.cjii. The 
test  durat ion w i l l  be equal t o  o r  g r e a t e r  than mission simulation. 
l i f e .  ( A  missim simulatim l i f e  i s  defined as gmund operat ing 
time p lus  mission time). 

3 .  The t h i d  phase should cons i s t  of tests t o  f a i l u r e  or malfunction i n  
one o r  more of  the  c r i t i c a l  modes i n  o rde r  t o  evaluate  t h e  margins 
above q u a l i f i c a t i o n  Levels. 

If, during qua l i f i ca t ion ,  a f a i l u r e  should occur which i s  not  at t h e  pre- 
d i c t e d  mode o r  l e v e l  a complete evaluation of t h e  f a i l u r e  and t h e  f a i l u r e  
a n a l y s i s  shal l  be made. 
i s  no t  considered qualified and the  acceptance tests are invalidated.  

Pending t h e  results of t h i s  evaluat ion t h e  equipment 
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- The nature of the lunar landing mission requires that 
through o v e r a l l  reliability rather than through the 

use of escape systeme. 
bility and crew safety shall be the most important single consideration in 
t he  design, construction, handling and operation of the LFM. 

Therefore, attainment of the maximum mission relia- 

For the LEM, the probability goal for accmplishing the mission objectives 
shall be 0,984. For the LEN, the probability goal that none of the crewmen . 
shall have been subjected to conditions more severe than the emergency limits 
set forth in the crew requirements section shall be 0 . 9 9 5 .  

These reliability goals are to be mt including the effects of launch 
vehicle and spacecraft environments as well as ground complex reliability 
but excluding consideration of radiation, meteoroid impact and launch vehicle 
or Ccaimaand and Service Module operational reliability. 

1.3  
design such that advantage can be taken of advances in technology. 

Advances in Technology - Flexibility shall be incorporated into the 

G R U M M A N A I R C R A F T E N G I N E € 1.1 N G C 0 R P 0 R A T I 0 N 
E I I C - I S  



2. Perf oFmMce 

2 01 
so t h a t  t h e  g r e a t e s t  o v e r a l l  deaQr, e f f i c i ency  is  achieved within t h e  genera l  
c r i t e r i a  s t a t e d  herein.  
r a t i o n a l  cons idera t ion  of pas t  and an t i c ipa t ed  opera t iona l  experience. 
a r e  t o  be used as design c r i t e r i a  u n t i l  experience j u s t i f i e s  modification. 

Nargina - Rational margins s h a l l  be used f o r  systems and components 

Theg 
The s p e c i f i c  margins s t a t e d  below a r e  der ived  from 

2.1.1 
mul t ip le  Tailures a h a l l  b e based on t h e  expected frequency of occurrence as 
it a f f e c t s  system r e l i a b i l i t y ,  safely and weight and s h a l l  requi re  s p e c i f i c  
j u e t i f i a a t i o n  i n  each instanoe. 

Mult iple  Fa i lu re  Philosophy - The decia ion  t o  design f o r  s i n g l e  or 

2.1.2 
propogate sequent ia l ly ,  i.e., the design shall " f a i l  safo". 

F a i l  Safe  Requirements - Sgstem ar component f a i l u r e s  s h a l l  n o t  

Mar in  - A l l  L E M  systame shall be designed t o  pos i t i ve  mas- 
o sys taa  shall be designed incapable of funct ioning a t  * 2.1.3 

g i n s  of sa e*. 
l i m i t  load cond i t i  on8 . 
2 02 Criteria 

2.2.1 Repressurization Requirements - The LE?4 shall be capable of rece iv-  
i n g  2 complete cabin r ep res su r i za t ions  from the  Command Plodule r e p r e s s u r b a t -  
i on  system. 

The LEM r ep res su r i za t ion  system s h a l l  be designed f o r  6 complete cabin  re- 
p res su r i za t ions ,  and a continuous leak  r a t e  as high as 0.2 lbs. per  hour. 
Proviaions s h a l l  be made f o r  a t o t a l  of 6 recharges of t h e  portable  W o  
support  sys t ma. 

2.2.2 
operated i n  the  pressurized cabin environment shall be designed t o  func t ion  

Vacuum Oprration of Cabin Fquipment'- hquipment which is normally 

f o r  a minimum of two days i n  vacuum without f a i l u r e .  
p r i o r  t o  operat ion s h a l l  be a minimum of 5 days. 

Time period i n  vacuum 

2.2.3 ?4ission Abort - P r w l s i o n s  shal l  be made for crew i n i t i a t i o n  of all 
mission abor t s .  
s h a l l  be provided when t h i s  enhances crew safe ty .  
exc-waion siiaii provide for return ii~, rendezvous, ana docKing with the 
Command and Service Modules. 

1 n i t i a t i o n . o f  abor t  by ground command or automatic system 
All aborts during lunar 
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2 .3  Mission P r o f i l e  - 
2.3.1 

2.3.1.1. 
GAEC t o  point  of use.  
a i r  t r anspor t  r : i l l  be considered t o  reduce shipping time. 
Ilodiiles w i l l  be shipped t o  Huntsvil le,  Al ibnm;  Houston, Wxos; White Scrnds, 
NeTr Nexico; and FAA Do.imey, Califcmiin.  
d i r e c t l y  t:, AMR. 
orde r  :,f one week t o  AMR and tv:, weeks t o  WSMR. 

Ground Handling nnd Pre-Flight 0 p e r ~ t i ' ~ n o  

Pzcknged - Transportation of t es t  'inrl f l i g h t  modules l r i l l  be from 
Transportption i s  expected t o  be by t ruck,  ho:revcr, 

Ground t e s t  

Fliqh'L mduk c w i l l  be de1;vered 
T i q e  f o r  t r a n s p 3 r t a t i m  by truck i s  expected t=, be 3n t h e  

2.3.1.2 Unpaclmced - For f l i g h t  modules, an ~ c c e p t a n c e  checkout and nssem- 
b l y  v i 1 1  be perf'omed a t  t he  launch sites '3s 1.~11 a s  hot f i r i n g  of i t s  prop- 
u l s i m  and r eac t ion  control systems. Asscmbl;r i 2 i t o  the  h u n c h  Vehicle : r i l l  
x c u r  on t h e  launch TI,(! f'qr C-1B f l i g h t s .  
3ccur i n  t h e  v e r t i c a l  assembly. 
LEM and i t s  subsystem will underg:, acceptance t e s t s  a t  Grurnqan. 
systems w i l l  underg:, vendDr acceptance tes t ;  l j r L D r  t a  being delivered t o  
Gruman. 

Asseabls. f a r  C - 5  ; l i gh t s  w i l l  
Pri:,r t 3  Firelaunch Dperat ims a t  M t h e  

LEN sub- 

"3.2 
t o  burnout i s  about 125 zecorids, m:ixiinuui 
s tage burning time i s  ipproximatelJ LtOO cecJnd 7. 
be j e t t i soned  s h o r t l y  a f t e r  i g n i t i o n  of second s t izc .  Th i r i  stnzc burritn:; 
t i m e  T r i l l  be about 150 szconds t o  pl.lce spclcecr' i't i n  parking o r b i t .  
The t h i r d  stage i s  r e s t a r t a b l e  and a f t e r  r e - i p i t i o n  w i l l  have a burni>l-; t i n e  
of 320 seconds f o r  tran;lunar i n j e c t i g n .  Dyn,iii.ic lo~d.; t o  be encountered 
ir? due t o  t h r u s t  chrin,es, maneuverin ;, gxts cinJ engill,? induced v i b r -  t i  in. 
T g t a l  t h r u s t  time i s  ( l z 5  + 1+00 + l<O f ;rC) = lJ1) xc3ncl w 17 c , i w t c , .  

h u n c h  Vehicle - F i r s t  stage t h r u s t  time from holrl-do..rn r e l e ,  se 
~ c c u r :  n t  about 65 seconds. Secsnd 

Ti'hc Lnunch E r e  1~ ?I; - t ? w  - . r i l l  

2 .3 .3  Spncecraft - Immcdintely a f t e r  trnn::lLimr:r i n j e c t i m ,  the C m:i:~n~I 
blodule/Scrvicc ~oilul:  is separated f r o n  tili: IXi: zhrgud and ttie u p p r  
i s  j e t t i s o n e d .  
LE1 hatch. 
remrlins attached t o  tlie zmpty S-IVB. 
1xEr shroud i s  seymrated from the sp:icecr: i't and trinsl-unar ,Ttt;itude i n  c s -  
k b l i s h e d  f o r  the luna r  t r i p .  
by t h e  Service Propulsion System v i t h  tile 1'irr;t co r rec t iQn  occurr i ry  ::bout 
2 112 hours a f t e r  i n j e c t i o n .  
checkout of UT.1 i s  made with one crew mci:i?xr t r : , n s fc r r ing  fi-oni t1i.s CL)~:II.: rld 
module t o  LE?<. 
spacec ra f t  i n  a c i r c u l a r  Lunar o r b i t  : i t  80 ntiutical  miles a l t i t u d e .  
crew i s  i,rnnsfeiared and a f t e r  a system check, t he  mI i s  scpnrqteci : i t  'tb5ut' 
U9 hqura a f t e r  launch. The LEM i s  t he  ac t ive  member durine Descent, T;iriding, 
Ascent, Rendezvous and Docking. 
t he  LEM i s  j e t t i soned  and l e f t  i n  1un:ir o r b i t .  

The Cii/sI.<I is tlien re-:)ri>ntc(? t .2 inntc Trith the  UTI : I t  

nuring t h i s  maneuver t!le Ci.'!/SIl i s  t!ic ac t ive  met,!ber m i  tile 1Zi.i 
After  tmns?os i t i on ing ,  tile rJ-IVI3 ? r i d  

Tra j e c t g r y  c x x c t i o n s  a r e  appli,?ci pcri,.)C ic.ill:J 

Follo-..ring t h i s  course co r rec t ion  a c.clm,~l~te 

A t  a b x t ,  l l 5 h o u r s  the  SI,l pr3,pulsign systec: e s t a b l i s h  
?'!IC 

After crew t r a n s f e r  t o  the Cotmanu I'#i,Jtlule 

For swilmary 5f LEbI i:Lssion the, see ?'nble I. 
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2.3.4 
c a p a b i l i t y  of performing the  separat ion,  lunar descent ,  landing, a s c m t ,  

Lunar Excursion - The Lunar Excursion Module a h a l l  h’ave th 

rendesvous and doeking independent of the spacecraf t .  -All LEM-iystsaas - 
s h a l l  be capable of performing a t  their nominal deaign performame l e v e l  
f o r  a mission of two days without reaupply. 
e l l i p t i c a l  o r b i t  ending a t  a lunar a l t i t u d e  of s0,:OOO f t .  a f t e r  which a 
powered descant w i l l  end i n  a hovering maneuver which may requlm t r a n r -  
l o t i o n s  up t o  1300 ft. and may last for tvo minutsa. 
ho r l son ta l  ve loc i ty  a h a l l  not exceed 5 f t . / ~ e c . ,  and vertiual v e l o c i w  
aha11 not exceed 10 it ./sec. 

2.3.5 
t h e  53,333 ft. a l t r t u d e  circular w b i t  s h a l l  t & e  7.3 minutes. A 2 
h3ur 3 r b i t a l  cantingency a t  50,WO f t .  will be ava i l ab le  t 3  permit t h e  
insertiDn int:, a rendezvms t r a j e c t 3 r y  a t  30 nau t i ca l  m i l e  a l t i t u d e .  
The t o t a l  ascent  t i m e ,  including t h e  ‘2 h m r  a r b i t  cantingency, s h a l l  take 
11.61 h m r s ,  during which t i n e  a l l  ascent  s tage systems s h a l l  be capable 
of perfDrning a t  t h e i r  n m i n a l  design perfDrmance l e v e l .  

Lunar descant w i l l  be by 

F i ~ l  touchdown 

Lunar Ascent - The p3wered ascent  of t h e  LE51 ascent  s t age  t 3  

r 

, 
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3. Design C r i t e r i a  

3.1 General 

3.1.1 Design F l e x i b i l i t y  - The LEM s h a l l  be designed such t h a t  addi- 
t i o n a l  or lesser r e q u i r e m n t s  i n  thermal r e s i s t ance ,  meteoroid pro tec t ion  
and r a d i a t i o n  p ro tec t ion  may be accomcdated or taken advantage of without 
o v e r a l l  design changes. 

3.1.2 
s h a l l  be designed such t h a t  general  modif icat ions t o  the GEM module or i ts  
subsystems do not gropogate through the o ther  mdlules of t he  Apollo space- 
c r a f t .  

I s o l a t i a n  of' Modif ica t ims  - The LEM and i ts  compoqnt subsystems 

3 -2 

3.2.1 Design Fac tors  

Structural Requiwments For LEM & LEM Items * 

3.2.1.1 Purpose and Def in i t ion  of Safe ty  Fac tors  - The l e v e l  of s t r u c t u r a l  
s t r eng th  and s t i f f n e s s  i s  es t ab l i shed  by  the condi t ions of 3.3, 3.4 and 4.0 
i n  add i t ion  t o  spec i f i c  loading8 appl icable  t o  p a r t i c u l a r  subsystems. Such 
loads, ca l l ed  l i m i t  losds,  are conservat ively se l ec t ed  t o  represent  the max- 
imum range of s e v e r i t y  expected on the  lunar  mission. Rat iona l  allowance 
s h a l l  be made and incorporated i n  these loads f o r  stress concentrations,fatiguc 
thermal s t r e s m  and dynamic response. 
these  l i m i t  loads t o  provide precaut ions aga ins t  unknown de f i c i enc iee  i n  
s t r eng th  as well as aga ins t  excess ive ly  severe loadings, i n  order  t o  keep 
the p robab i l i t y  of f a i l u r e  within the necessary l i m i t s .  

Factor8 of s a fe ty  are mult ip l ied  by 

U l t i m a t e  Factor  - A t  limit load * times the  u l t imate  f a c t o r  o f  
s a f e t y  there s h a l l  be no f a i l u r e  of s t r u c t u r a l  mrnbers. The u l t imate  f a c t o r  
s h a l l  be not  ~ B S  than 1.5 appl ied t o  limit loads. 
duced t o  1.35 far s p e c i a l  cases ,  not involving pressure ves se l s ,  upon 
r a t i o n a l  anal.ysis and with MSC approval. \ 

This valu$ may be re- 

Yield Factor  - A t  l i m i t  load * times the  y i e l d  f a c t o r  of s a fe ty  
there s h a l l  be no permanent deformation or t o t a l  d e f o r m t i o n  which would 
prevent prformance of the mission. The y i e l d  f a c t a r ,  appl ied t o  l i m i t  
loads is nominally 1.35, but may be 88 low as 1.0 f o r  d u c t i l e  miterials and 
not involving pressure veese ls  and need not exceed 1.5. 

3.2.1.2 hssure Vessel Factors  - The design of pressure ves se l s  
shall be baaed on two a n a l y t i c a l  cons iaera t ions .  
appl ied i n  combination with pressure, the  f a c t o r s  of 3.2.1.1 above, w i l l  
apply. 
3.2.1.2.1 and 3.2.1.2.2 below, w i l l  apply. 

When e x t e r n a l  loads are  

When pressure is  appl ied as a singular load, t he  f ac to r8  of 

* See 3.4 , l . z  for  e r l u i p e n t  when i n  ground support of LEM. 
U-E Combined loadinrs ,  acce le ra t ion ,  pressure,  v ib ra t ions  e t c ,  s h a l l  be con- 

sidered. 

?his document c o n t a i n s  i n f c r p a t i o n  a f fec t i r .g  '.he na t iona l  defense of the Unitec S ta tes ,  ~ t r : n  
t:-..p n e a n k g  c f  the  Esp:-r,a,re Laws, Tit le  le, Sections 753 ar.d 7 9 L ,  the traKsFizsion c r  
r e v e l a t i o n  of which i n  BW manner t c  a n  7ma;thorized uerscn is DrohiSi ted bv l a w .  

Contract  No. NAS9-1100 
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3 .2 . l . - . 1  Pressure Vessel Prcof Factor  - A l l  pressure v e s s e l s  w i l l  be sub- 
j ec t ed  t o  a pressure proof tes t  during acceptance t e s t i n g .  
t o  proof pressure,  t h e  pressure v e s s e l  s h a l l  be f u l l y  capable of performing 
t h e  mission. The proof f 'actor shall be 1.33 times l i m i t  pressure.* This 
f a c t o r  m y  be reduced f o r  spec ia l  cases  upon r a t i o n a l  a n a l y s i s  and necot ia-  
t i o n  with MSC. 

After exposure 

3.< .1.2.2 Pressure Vessel U l t i m a t e  Factor  - A t  l i m i t  load times t h e  u l t i -  
mate f a c t o r  of' s a f e t y  the re  s h a l l  be no f a i l u r e  of' t he  pressure ves se l .  
The u l t ima te  f 'actor shall be 2.00 appl ied t o  l i m i t  loads.* This f a c t o r  may 
be reduced t o  1 . 5  f o r  s p e c i a l  cases upon r a t i o n a l  ana lys i s  and negot ia t ion 
with MSC. (The main p rope l l an t  and RCS tanks are a s p e c i a l  case and w i l l  
have an ul t imate  f a c t o r  of 1.50 on the worst combination of' a cce l e ra t ion ,  
pressure,vibrat ians ,  shDck, e t c . )  

3.:..1.2.3 Pressure Vessel L i m i t  Loads - L i m i t  loads s h a l l  be obtained with 
l i m i t  pressures .  Limit p e r s u r e  :;hall be no lower than the  maximum r e l i e f  
valve pressure f o r  t he  system. When pressu:-e e f f e c t s  are re l i ev ing ,  pressure 
s h a l l  not be used. 

5.2.: Pressure S t a b i l i z e d  S t ruc tu res  - No primary s t r u c t u r e s  s h a l l  
req-uire pressure stabili Lation. 

* For Propulsion and Reaction Control System pressurized components dorm- 
stream of the helium pressure r e p l a t o r F , .  

Proof p re s s .  s h a l l  be 2 . 0  times the maximum expected l i n e  pressure 
(use relief valve maximum) o r  the combined surge p lus  nominal maximum pressure,  
whichever i s  gi-eatest .  

- 

U l t i m a t e  pressure s h a l l  be 3.Q times t h e  ma>.imum expected l i r e  
p res su re  (use relief valve ma. . imum) o r  1 . 5  times the combined surge p l u s  
nominal maximum pressures ,  whi\.hever i s  Greatest. 

, 

REPORT m-5 0-1c 
DATE Rev. 15  March 1964 Contiact  No. NAS 9-1100 fl 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



c 

4” 
E 

a 

3.293 
boost, t r ans luna r ,  descent and ascent phases of  t h e  mission cons i s t s  of 
random e x c i t a t i o n  up t o  2000 cpo. The high acce le ra t ion  dens i ty  l e v e l s  
a t  low frequencies  are presented f o r  use i n  t h e  design analysis  only s i n c e  
ava i l ab le  t es t  equipment i s  incapable of reproducing t h e  complete spectrum. 
The test requirements (Ref. LED-520-5) include separa te  s inusoida l  v i b r a t i o n s  
t o  account f o r  t h i s  low frequency por t ion  of t h e  spectrum,as  wel l  as t o  de t e r -  
mine t h e  design adequacy i n  ind iv idua l  v i b r a t i o n  modes. 
should be considered as part of  t h e  v i b r a t i o n  design. 
contains  t h e  1.3 f a c t o r  of 3.2.3.1 below). 

Vibrat ion - The applied v i b r a t i o n a l  environment, f o r  launch and 

Test requirements 
(Table I of  LED-520-5 

Separate  launch and boost v ib ra t ion  a r e  given i n  Table I f  f o r  e x t e r i o r  and 
i n t e r i o r  primary s t ruc tu re .  EScterior s t r u c t u r e  is tha t  which i s  pr imar i ly  
exc i ted  by acous t ics  during launch and boost, while i n t e r i o r  primary s t r u c -  
t u r e  i s  not. 

3.2.3.1 Vibrati-on Factors  - The v i b r a t i o n a l  amplitudes given i n  
Table I1 are estimated as t h e  highest  l e v e l s  t h a t  w i l l  occur during a 
mission. 
amplitudes increased by a f a c t o r  i n  combination with o t h e r  appropriate  en- 
vimnments. 
o f  Table 11, parts ( a )  and (b), i s  1.0 and t h e  value f o r  a l l  o t h e r  condi t ions 
is  1.3 appl ied on t h e  g ani D.A. and (1 .3>2 appl ied t o  random v ib ra t ion  

S a t i s f a c t o r y  operat ion must be a t t a ined  with o the r  appropr ia te  

The value of t h i s  f a c t o r  for  pre-launch packaged and unpackaged 

(g*/cps 

3.2.3.2. Vibrat ion Aqpl i f ica t ion  - The v i b r a t i o n a l  ampl i f ica t ion  f a c t o r  
i n  t h e  range of t he  Table I1 applied v ibra t ions ,  s h a l l  not exceed a value 
o f  ten .  This  amplif icat ion f a c t o r  i s  def ined a s - t h e  to ta l  displacement of  
any poin t  on an equipment divided by t h e  displacement of t he  input device. * 

3.2.3.3. 
p a r t s  and components, t h e  b a s i c  chass i s  and/or nounting s t r u c t u r e  of equip- 
ment (such as bracke ts  and shelves)  shall be f r e e  of  mechanical resonances 
below 60 cps. 

S t i f f n e s s  of  Equipment Xounts - With t h e  exception of ind iv idua l  

3.2.4 Other Environmental Factors  of  Safety - The l i m i t  proof and 
ultimate f a c t o r s  of  s a fe ty  s h a l l  be 1.3 for the following environments: 

a. Humidity 
b. Rain 
c. S a l t  Spray & Fog 
d .  Sand & Dust 
e. Fungus 
f .  Hazardous Gases 
g. Radiation 
h. Temperature 

Contract No. NAS 9-1100 REPORT m - 5 2 o - l c  
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3 - 3  F l i g h t  LDads 

3.3.1 Launch Vehicle 

3.3.1.1 Temperature 

3.3.1.1.1 
time w i l l  vary between +l5"F. and 100°F. 
5 6 " ~ .  and 3'3°F. 

- C - 5  - Ambient sea l e v e l  a i r  temperature a t  AMR during launch 
The mast l i k e l y  range is between 

3.3 .l. 1.2 
acmrding  t 3  t h e  U.S. standard atmosphere 1962 (Ref. IO). 

Bmsted F l i g h t  - The temperature/al t i tude r e l a t ionsh ip  w i l l  be 

3.3.1.2 
t o  t h e  U.S. standard atnosphere 1962 (Ref. 13). 

Pressure - The p res su re / a l t i t ude  r e l a t ionsh ip  w i l l  be accarding 

3.3.1.3 
f 3 l l c J w s .  

Vibration - V i b r a t i m  due t:, launch vehicle  operation w i l l  be as 

x: 
Dynamic Laading - Acceleration loads due t 3  booster  t h r u s t  a r e  

V i b r a t i m  see Table I1 (d) 

3.3.1.4 
as shDwn i n  Table IV and Table 11. 

3.3.1.4.1 
t h e  fall3wing: 
s t a t i c  t h r u s t .  

Staging - Dynamic loads due t:, t h r u s t  changes are covered by 
HJld-dDwn release pmduces f l .25g superinposed 3n 1.25~ 
Thrust drap 3 f f  a t  1st  s t age  b u r n m t  pmduces -2.6~. 

3.302 Space c r a f t  - 

3.3.2.1 Temperature - The ex te rna l  surface temperature of t h e  LEN w i l l  
vary between apprDxiinately +260°F. depending 3n the  o r i e n t a t i m  sf t h e  
spacec ra f t  relat!ve t 3  t h e  sun due t 3  space envirmment 3f -460°F. and 
s o l a r  r ad ia t ion  3f 440 Irru/Ft2 hr. The ternperature w i l l  be between 3" 
ta +160"F. Ln vacuum cabin and equipment bay, &O" t o  100°F. i n  t h e  pro- 
p u l s i m  cmpartment, and +73" t:, +?]" i n  t h e  control led ( 3 2 )  cabin. 
spo t s  i n  t h e  cabin 50" t3 90°F.) 

( L x a l  

3.3.2.2. 
3n t h e  o rde r  of l-)-l4rn Df Hg. 
q2 noqinal. 

3.3.2.3 
as fallows: 

Pressure - The a t m s p h e r i c  pressure i n  c i s luna r  space w i l l  &e 
The control led cabin pressure i s  5 p s i a  

The iincontralled pressure i s  5 p s i a  t o  .1 p i a  02 nominal. 

Vibration - VibratiDn due t o  Service Pmpulsion System w i l l  be 

Randm Vibration - Reference Table I1 ( e )  

Contract  No. NAS 9:llOO ~ E w x T  LED-520-1c 
Rev. DATE 15 March 1964 

ENG-I4 A 

- 

G R U M M A N  A I R C R A f T  E N G I N E E R I N G  C O R P O R A T I O N  



3.3.2.4. Dynamic Loading 

3.3.2.4.1. Space Maneuvers - Maneuver acce lera t ions  due t o  Service Propulsion 
System & S t a b i l i z a t i o n  and Control systems are as follows: 

x L a t e r a l  P i tch  

3.3.2.4.2 Repositioning - The shock l o a d s  due t o  reposi t ioning a f t e r  
S-IVB burnout are: 

.. 
riy N Z  v X 

N 
2 

2 

-032 g 0093 g .40 Rad./sec. 

-.a4 .120 g 17.0 Iiad/sec. 

3.3.3 Lunar Excursion 

3.3.3.1. 
vary between aFproximately -260 an? +2$0° depending on the o r i e n t a t i o n  of' 
the pan. 
rt. hr.  The lunar  surface temperature will be +25O t o  -300 I?. dependini- 
on the  p o s i t i o n  o f ~ e  sun and the loca t ion  of I;i51 on the  moon. When pres- 
surized the t empera tye  of the cabin w i l l  be between 70' and 80' F. 
t e  e r a t u r e  w i l l  be 0 
+h.O 
(The descent engine canbustion chamber bacl-face is less than 400°5 .) 

Temperature - The ex&ernaJ surface temperature of the  LEI1 will 

The space envirorrmrnt i s  -460 1). and solaroradiat ioB is  440 BTU/ 

The 
t o  +160° ?. i n  vacuum cabin and e q u i p n t  bay and 

i .  (Cabin l o c a l  spots  5G-C)Oo mg t o  +looo I?. i n  the propulsion canpartmcnt. 

3.3.3.2 
exceed 10- 
be 5.0 p s i  + .2G p s i ,  with a r e l i e f  valve se t t i ng  
The cabin azmosphere will cons is t  of pure oxygen. 

&ressure- - 'l'he ambient pressurc an i , i ~  lunar surface w i l l  not 

of 5.6 p s i  + .XI ps i .  
mm of lie. \ h e n  pressurized the cP5in pressure of the Ul w i l l  

- 

3.3.3.3. 
as follows: 

Vibration - Vibration due t o  descent o r  ascent engines a re  

Descent - leference Table I1 ( g )  

Ascent - 1;eference Table I1 (i j 

*. *NOTE: 8 i s  r o t a t i o n a l  acce lera t ion  about any ax i s  normal t o  the x a x i s  
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3.3.3.4. Dynamic Loading 

3.3.3.4.1 
aperat ion of the  main descent engine mil the  Heaction Control System. 
cant loads calculated occur at  separation, i n  e l l i p t i c a l  o r b i t ,  at  start of 
hover and j u s t  p r i o r  t o  touchdown. 
maximum t h r u s t  a t  any time during the  733 second engine duty t b e .  

Descent Maneuvers - Dynamic loads during descent a r e  due t o  the 
S i g n i f i -  

Accelerations are calculated assuming 

Phase V e r t i c a l  Accel. La tera l  Accel. Rad/Sec2 Iiad/Sec 2 
e a r t h  g ' s  e a r t h  g l s  abaut abaut 

X Y and z Y and Z x 
At Separation + .45 - + .Ob6 - +.20 - +.12 
E l l i p t i c  Orbit  + .47 - + .046 - +.20 - +.13 
S t a r t  of Hover +1 00 
End of Hover - + l a  10 - + .112 - +.47 - +. 31 
Transfer Orbit  0 0 0 0 

+.42 * +.28 - - + .loo - 

3.3.3.4.2 
systems are capable of producing the  accelerat ions given i n  3.3.3.4.1 above. 
I n  addi t ion  the Reaction Controb System cunbined with the  Descent Engine must 
br ing  the  LEM a t t i t u d e  within 5 
within the  following l i m i t s  a t  impact on the  lunar  surface.  ( R e f .  1, Pes 32 & 

Local V e r t i c a l  Velocity Local Horizontal Velocity Pi tch/Roll  Rate Yaw ! .a te  
1 0 f p s  5 f P S  .25 Rad/Sec. .25 ILad/Sc 

Lunar  Landing - A t  touchdown the propulsion and Reaction Control 

of local v e r t i c a l  and must hold tLe LEM motion - - -  
137. ) 

C r i t i c a l  impact loads during lunar landing, r e s u l t i n g  fran the  l i m i t i n g  r a t e s  
given abuve, occur for the i n i t i a l  l e g  impact and f o r  the "rock back" or secon- 
dary impact. 

V e r t i c a l  Accel. La tera l  Accel. liad/Se c 2 

E a r t h  g * s  (.?) I .  K a r t 1 1  &'E ( Y  or Z )  ;ib3Lit Y o r  Z 
I n i t i a l  

Rock Back 0 

3.3 3-40 3 Ascent ancl !'enCezvous - L o a d s  nue t o  ascent engine thrust and 
Reaction Control S l s t c n  are c r i t i c a l  a t  minimum weight j u s t  before docking. 
The permissible c losing v e l o c i t i e s  f o r  docking do not exceed the  following: 
Reference 11. 

+14.0 I 

+14.0 
- Contact 8.0 (10-20 m s )  0 

* -  
+8.0. (10-20 Ins) - . 

Clncing V e l n c i t y  Side Velorit.y A n g u l a r  Velocity 
Z X o r  Y Any Axis 

.1 t o  1 f t / s e c .  .5  f t / s ec .  1 Degree/Sec. 

Docking loads are estimated. 
Rati/Sec2 Ra i l /  Sec2 

V e r t .  Accel. g1s Latera l  Accel. g's  a b x t  a b a u t .  
X Y and Z z only Y m c  x Z 

Maneuver 1.04 
Docking 0 

- +.054 0 t. . -3 rt2.30 
0 -4.0 0 0 
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3.4 
presents  the n a t u r a l  and induced environments associated with t ranspor ta t ion ,  
ground handling and s torage f o r  E M  and/or ind iv idua l  item. 

Transportation, C.round Handling, and Storage - This c r i t e r i a  

Criteria i s  presented f o r  ground equipment d u r i r g  support of 
LEN and/or individual  items,and vhen subjected t o  induced acce lera t ions ,  
shocks and  v ibra t ions .  

3.4.1 General 

3.4.1.1 
as follows: 
loaded with i t s  i t e m ,  and including i n s u l a t i o n  and o ther  spec ia l  i n t e r n a l  

Def in i t i on  - For the purpose of t h i s  sect ion,  a package i s  definei 
The package is  the  cQnplete ready-for-ehipnent outer container  - 

supports. 

3.4.1.2 

3.4.1.2.1 

S t r u c t u r a l  Factors  Of Safety For Ground Ecluiment 

L imi t  Loa6 - Limit loads are service l e v e l  loads. 

3.4.1.2.2 Ultimate >'actor - For ground support equipment and shipping con- 
t a i n e r s  the  ul t imate  f a c t o r  i s  not t o  be less than 3.0 applied t o  l i m i t  loads. 
A t  l i m i t  loads times the ult imate load  l a c t o r  bf s a f e t y , ~  there i s  t o  be no 
f a i l u r e  of s t r u c t u r a l  members. 

3.4.1.2.3 
t a i n c r s  the y i e l d  f a c t o r  i s  defined i n  3.2.1.1 and sllall not be l e s s  than, 2.0. 

Yield !'actor - For ground s u ~ p o r t  equipment and shippirg con- 

3.4.1.2.4 Proof' > 'actor i,'or Pressure Vesseh - l h r  ground support equipment 
and shipping containcrs  the proof f a c t o r  i s  defined i n  3.2.1.2.1 and shal l  be 
not  less than 2.0, 

3.4.1.2.5 
proof load acceptance t e s t .  
capable of perforniing the  required seryice.  
than 2.0 times E m i t .  

3.4.1.2.6 
7' are the  l a t e r a l  axes. 

Froof P'actor f o r  Sl ings - All s l i x s  w i l l  be s u b j e c t e d  t o  a 
After  exposure t o  TJroof load  the  s l i n g  shall be 

'The proof f a c t o r  shall  be not less 

Orientat ion - 'The X-axis is  the n o m 1  v e r t i c a l  axis. The Y and 

3.4.1,3 Other I h v i r o m e n t n l  Fac to r s  - Use the  f a c t o r s  of 3.2.4. 
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* 3.4.:- Package Natural  hvironments  ' 

3.4:Z.l 
50,000 f t .  a l t i t u d e . *  

Pressures  - Atmospheric pressure corresponding t o  cea leve l  t o  

3.4. P . -. Temperature - -6 5oF t o  1600~. 

3.4.2.3 
t i on .*  

Humidity - 0 t o  100 percent relative humidity including condensa- 

3.4.2.1~ 

3.4.2.5 
a l e n t  t o  a spray of 5$ salt  so lu t ion  i n  water f o r  50 haws) .*  

- Rain - Rain as i n  Method 506 MIL-STD-~~O-(USAF) 14 June 1962.~ 

S a l t  Spi-ay - Salt spray as encountered i n  a beach area (equiv- 

3.4.2.6 
140 mesh s i l ica  f l o u r  with p a r t i c l e  ve loc i ty  up t o  2000 feet  pe r  minute.* 

Sand and Dust - A s  i n  desert and ocean/beach areas, equivalent  t o  

3.4.2.7 Fuwus - In accordance w i t h  508, K I L - G T D - ~ ~ ~  (USAF) 14 June 1362. 

3.4.2.8 
l i m i t )  .* 

- Ozone - Ekposure with .05 pants/mill ion concentration (1/2 Toxic 

I 

3.4.3 Pwlrace Induced Environments 

3.4.3.1 Sustained Acceleration - 2.67 v e r t i c a l  (X-axis) with 1.0 i; 
lateral (Y,  z a-.:ec). 

3.4.3.2 Ifoisting Acceleration - Tcro separate  conditions:  

a )  2.0 i n  d i r e c t i o n  of ho i s t ing  

b )  2.67 V e r t i c a l  (X-axis) with 1.0 Q Iateral (normal t o  
x -axi E ) 

3.4.3.i .1 
be appl ied on anj- one r i n c  o r  any combination of r incs ,  whichever i s  c r i t i c a l .  

I I o i s t i q  with L i f t  RinCG - The ?.O g ho i s t ing  s h a l l  be concidereci t c  

3.4.3.3 
111. 

Shock - A s  i n  MIL-STD-810 ( U W )  14 June 196. Ekthod 516 - procedure 

Shock on LJX Vehicle i s  t o  be supplied (prelimipary 8 g 10-20 m )  . 
See Table I1 ( a ) .  Shock on Ewine  i n  s p e c i a l  conta.lncr soe (Ref. 17). 

3.4.3.4 
Table I1 (aJ-, 

Vibration - A s  i n  MIL-STD-~~O ( U W )  lb June 1362 Elethod 514-6 see 

3.4.3.5 
KIL-SriTC-810 (USAE) 14  June 1962, Method 511 t o  p ro tec t  aga ins t  f u e l  leakage. 

Hazardous Gases - Explosion proofing requi jements clef ined i n  

3.4.3.6 Electi-o-mgneti Interference - In  accordance wi-th LSP-53O-OOl. 

* Ambient environments e x t e r n a l  t o  package. 
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3.4.4 Unpackwed Equipment I t e m  Natural  Environments 

1 .4 .4 .1  
(Hermetically sealed u n i t s  i n c t a l l e d  i n  the  crew compartment .wil l  be subjected 
t o  a l i m i t  pressure  of 20 p s i  absolute  during p r e f l i g h t  checkout). 

3.4.4.2, 
B.T.U./f.t.:' hr. s o l a r  r ad ja t ion  up t o  b hours per  day. 

P~essu2-e - Atmospheric pressure corresponding t o  sea l e v e l  

Temperature - -LOOF t o  llO°F ambient air temperature p l u s  360 

3.4.4. j 
sat ' on. 

3.4.4.4 Ozone - &ne as 3.4. .8 

Humidity - 1 5  t o  100 percent r e l a t j v e  humidity i n c l u d i w  conden- 

- 
3.4.4.5 

3.4.4.6 

d 1.4.4.7 ?,and and ~ i r , t ,  - same parqyaph 3;&;;.,h 

Rain - Same as paragraph 5.4.2.4 except no d i r e c t  impingement. 

S a l t  Fog - A s  i n  ~ , ~ I L - s T D - ~ ~ o  ( U W )  14 June 1962 Method 509. 

- 

3.4 .5  Unpacka@i E -uip.ent Item I n h c e d  Environments 

3.4.5.1 
(Y,  z a::es). 

Sustained Rccele:*ation - '2.67 c: v e r t i c a l  (X-axis) with 1 . 0  late!.al 

3.4.5.: IIoirtilq- A c c e l e r a t i w  - Tuo separate conditionz: 

> .O g i n  d i r e c t i o n  of h o i s t i w .  

2.67 r; v e r t i c a l  (X-axis) ::ith 1 .3  i;l la teral  ( n o m 1  t o  X-a- , : iL)  

a) 

b)  

3.4.5.2.1 
t o  be applieci on any one ring 01' any combination of' rine:s ;:hich ever  i s  

Hoistin,- v i t h  L i f ' t  Rinys - The 2.0 h o i s t i n c  s h a l l  be considered 

c y i t i c a l .  

3.4.5.3 
peak u u t  mociify shock pulse t o  a saw to:,th 11 + 1 ms r'ise, 1 + 1' n l s  decay. 
Su i t ab ly  padded work bench surfaces  w i l l  be ava i l ab le  f'o,. the-equipment i tern. 
Shock f o r  LI91 Vehicle w i l l  be supplied. 

3.4.5.4 
p e r p e n d i c u l m ( X ,  Y and Z )  successivel: . 

Shock - Will not exceed. FIL-ZTD-810 Method 516 procedure I, 1 5  g - 

Vibration - Vibration applied along each 3f the  t h r c e  m t u a l l y  

To ta l  vibyation t i m e  i.ill be determined f o r  each i t e m .  Vibration 
amplitucies and times w i l l  be supplied. later f o r  LCM Structure ,  & LFTI Vehicle. 

For Vibration Levels see Table I1 ( b )  

3.4.5.5 
requirement defined i n  LIL-CTD-810 (UWF) 14 June 1962 Kethod 511 t o  pi-otect  

IIazardous Gases (Exposed Equipnncnt Only) - Eyplosion p r o o f i w  

a g a i n s t  f u e l  leakace.  

3.4.5.6 E l e c t r o - W n e t i c  Interferen:.e - In  accordance with UP-530-001. 

Contract TJo. NAS 9 - 1 1 ~  
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4 .O General Enviranmental C m d i t  ims 

4.1.0 Radiatim Cmsiderat i3ns 

4.1.1 
b e  invest igated by subcDntract3rs f 3 r  e f f e c t s  3n LEN equipment dcsiGn. 
PDwer t r a n s i s t o r s  having a low alpha cut-3ff frequency Df--- ncgacycle s 
o r  less, may be susceptable t o  r a d i a t i m  damage and lnay require  s p e c ' a l  
design c o n s i d e r a t i m s .  

Natural Environment - Charged p a r t i c l e  r a d i a t i o n  s h a l l  not 

4.1.1.1 
c r a f t  envirmmental ana lys i s  are presented i n  reference t:, t h e i r  s m r c e s .  

Charged P a r t i c l e s  - Charged p a r t i c l e  f luxes t 3  be used f x  space- 

4.1.1.1.1 S o l a r  Phenomena - The hazards associated with an a c t i v e  Sun are 
presented as a Mcxlel S d a r  Event and t h e  p m b a b i l i t y  of e n c m n t e r  f a r  two 
s p c c i f i c  cases are given below Ref. 10. 

4.1.1.1.1.1 Model S d a r  Event - The MDdel S o l a r  Event t 3  be used i n  LEN 
An": -%? L L b o L t - , L  7 -  La dLLLIILu, n9:m-a In  General, as f d . l w s :  Fief. 10 

N( > E) = lg.OPI( > 30)  exp. (-12.5P) 
where 
N( > E) = number of p m t m s  with energy g r e a t e r  than E. 
P = t h e  r i s i d i t y ,  3r momentux per u n i t  cfiange, BV.(BV = lo9 V 3 l t s )  

= L(E + %C2)2 - (M,-@)'] 2 

e 

4.1.1.1.1.2 
Event is t 3  be divided i n t o  two spec i f i c  cases. (Ref. 10) 

P m b a b i l i t y  3f &counter - The general  e q u a t i m  a! the  Model Z3lar 

Case I: The event i n  t h i s  case is t h a t  event obtained by a s su i ing  
a 1% probab i l i t y  t h a t  a missiDn w i l l  e n c m n t e r  mre  than N p w t o n s  a b w c  a 
spec i f i ed  energy level.  This event i s  defined by: 

N( >E) = 4.2 X 1010 cxp.(-12.5P) 

Case 11: The event i n  t h i s  case i s  t h a t  event Dbtained by assunin[: 
t h a t  i f  an event i s  cncmntered t h a t  t h e  p robab i l i t y  Df t h a t  event having wre 
than  !J p m t m s  a t  a specif ied energy l e v e l  i s  17:. This cvent i s  defined by: 

?!(>E) = 15.8 x 1310 e q . ( - 1 e . y )  

4.1.1.1.2 
t ix  b e l t s  is  presented i n  Fig. 19 (Exhibit  B ) .  

Van Allen Radiation Bel ts  - A desc r ip t ion  o f  t he  Van Allen radia-  
r 

4.1.1.1.2.1 
la t l tucies  3f 4.0 degrees na r th  and 40 Jegrees s3uth. Due t:, t h e  d i f f e rences  in  
t h e  ::e:, lagnetic and. g e x e n t r i c  poles and inhomogeneities i n  t h e  e a r t h ' s  xag- 
n e t i c  f i e l d ,  t h e  ba t ton  e?{';e 3f the inner  mne  v a r i e s  with langi tude 200 n i l e s  
i n  a l t i t u d e  over t h e  east cDast of S m t h  America (300" east l m g i t u d e )  t=, 300 . 
miles i n  a l t i t u d e  mer t h e  East Indies (110' east longi tude)  and peaks i n  inten- 
s i t y  a t  an a l t i t u d e  of 1 x lo4 km from t h e  e a r t h ' s  magnetic axis. 

Inner  B e l t  - The inner b e l t  i s  concentrated betveen t h e  ges,na;:netic 
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4.1.1.1.2.2 
l a t i t u d e s  of 60' North and 60" South. It s t a r t s  at  t h e  bottam of t h e  inner  
be l t ,  peaks i n  i n t e n s i t y  a t  an a l t l t u d e  of 2.2 x lo4 km fram t h e  earth's rnw- 
n e t i c  axis, and decreases t o  a minimum a t  an a l t i t u d e  of approximately 6.5 x 

Outer Be l t  - The ou te r  b e l t  is concentrated between t h e  geomagnetic 

104 h. 

4.1.1.1.3 
shown i n  Figure 26 Df Exhibi t  B which represents  t h e  cosmic ray flu. 

%ace Backgmund - The corpuscular r a d i a t i m  shall be cansidered as 
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4.1.1.2 
for Spacecraft  environnental  analysis  i s  presented i n  reference t o  i t s  source. 

4.1.1.2.1 
covering, t h e  spectrum from 60 angstroms t o  1300 angstroms is  given i n  Figure 21, 
frm 1300 angstroms t o  2000 amgstmms is  given i n  Figure 22, and from .2 microns 
is  given i n  Figure 23 of Exhibit  B. 

Electmmagnetic Radiation - Electromagnetic r ad ia t ion  t o  be  used 

S o l a r  Radiation - The e l e c t r m a g n e t i c  r a d i a t i o n  from t h e  Sun 

4.1.1.2.2 
sidered as 35 percent.  
absorbed and some re-emitted as thermal radiat ion.  The spectrun f o r  t h e  E a r t h ' s  
albedo a t  l o c a l  noon i s  given i n  Figure 24 of EAhibit B. 
c en te r  of t h e  dark s i d e  shall  be considered t o  o r i g i n a t e  from a 251' K black 

Earth Radiation and Reflect ion - The E a r t h ' s  albedo shall be con- 
The remaining 65 percent shall be considered t o  be 

The r a d i a t i o n  a t  t h e  

body 

4.1.1.2.3 

t:, 1350 angstmms. 

Background Radiation - T e background r a d i a t i o n  from c e l e s t i a l  
sources sha l l  be considered t o  be 10- t ergs/(cm2 x sec)  i n  t h e  interval. 1230 . 

4.1.1.3 P m t e c t i o n  Criteria 

4.1.1.3.1 
s h a l l  be t h e  average year ly  exposure tabulated i n  Figure 5 of Exhibit  B. The 
emergency dose l i n i t s  shall be t h e  maximum permissible, s i n g l e  acute  emergency 
dose as t abu la t ed  i n  Figure 5 .  
shall be calculated and compared with t h e  dose l i m i t  given. If t h e  dose 
exceeds the energency l i m i t ,  MSC m u s t  be n o t i f i e d .  

Radiation Exposure L i a i t  - The nominal b i o l a g i c a l  dose l i m i t  

The b i o l o g i c a l  dose o f  paragraph 4,1.1.1.1.2 

4..1.1.3.2 
be based on the nodel presentat ion i n  Figure 6 of Exhibi t  B. 

Models of  the  Radiation Standard Man - Dosage ca l cu la t ions  s h a l l  

4.1.1.3.3 
paragraph 4.1.1.1.1.2 shall be evaluated and ma te r i a l s  selected wherever 
poss ib l e  which are unaffected. 
o r  d f u n c t i a n  due t o  r ad ia t ion  exposure, an evduat . ion must accompany t h e  
request  t o  MSC f o r  approval of the  material. 

Mater ia ls  - The e f f e c t s  of exposure t:, t h e  So la r  Event of 

Where ma te r i a l s  must be used which d e t e r i o r a t e  

4.1.1.4 
f l u e s  i n  the Van Allen r ad ia t ion  bel ts  plus  all of the sources of e l e c t r o -  

Natural  Radiation Mission Erivironment - The charged p a r t i c l e  

magnetic r ad ia t ion  enumerated i n  Section-4.1.1.2, s h a l l  be considered f o r  
Earth D r b i t a l  nissions. The complete n a t u r a l  r ad ia t ion  envimlunent enumerated 
i n  Section L , l e ~ >  c x c ~ ~ ~ d i ~ g  t h e  ?an ~ l l e r ,  racliatisn belts, sha l l  be coiisideied 
f o r  l u n a r  rnissims. 
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4.1.2 Induced Radiat ion Considerations 

4.1.2.1 
present  due to the opera t ion  of spacecraf t  equipment. 
e f f e c t i v e  a t  t h e  antennae. 

Radio Frequencx - The following raL-3 frequency energy w i l l  be 
The output  power i s  

FREQUENCY EEE 
2100-2300 mc/sec 20 Watts 

ITEM - 
DSIF 
Voice Communication 250-300 mc/sec 13  Watts 
Tracking Radar X - Band 530 Milliwatts 
Landing Radar X - Band 400 Milliwatts 
Transponder X - Band 130 Milliwatts 

4.1.2.2 Thermal - When the envimnmental cont ro l  system i s  operat ing,  
the cabin atmosphere w i l l  be a t  a temperature of 70 t o  80 degrees F. 
atmosphere w i l l  be l30$ oxygen a t  a pressure of 3.5 t o  5.3 p s i .  
humidity w i l l  be between 43$ and 70$. 

This  
The r e l a t l v e  

4 .1. 2. 
ered during Translunar,Descent,and Ascent. 

RCS Exhaust Plume - RCS exhaust plume e f f e c t s  s h a l l  be consid- 
Plume hea t ing  e f f e c t s  shal l  be i n  

accordance with Figure 8. 
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4.2.0 

4.2.1 

4.2.2 

Meteoroid Cansiderations 

Environment - The meteDmid environment f o r  the LB4 mission 
c o n s i s t s  of both sporadic and shower a c t i v i t y  as given below. 
(Ref. 15) The combined hazard s h a l l  apply t h e  time of trans- 
pos i t i an lng  t o  s t a r t  Df l u n a r  o r b i t  (6  t o  9 ,  page 33). The 
sporadic hazard s h a l l  apply f r o m  l u n a r  o r b i t  t o  t h e  end D f  t h e  
mission. 

Sporadic Meteoroids 

LoglON = -1.34 l o g l $ f  -10.423 

~ e n s i t y  = 0.5 gms/cc, a1.1 sizes 
Velaci ty  = 30 km/sec, all s i z e s  

where N = number of impacts p e r  square f o o t  p e r  dw 

M = mass i n  grams 

of mass M a r  g r e a t e r  

(2) Shower Meteoraids 

LaglON L- -1.34 l o a @  -10.423 + l o ~ 0 F  

Density = 0.5 gm/cc, a l l  sizes 
Velocity = as nDted i n  Table V A 
Direct ion = as noted i n  Table V A 
F = r a t i o  of shower t:, sporadic rates are given 

in Figure 4 

Penetrat ion Mechanics - The Summers penetrat ion e q u a t i m  w i l l  
be used i n  sporadic and shower meteoroid penetrat ion appl icat-Jns  
f o r  f l n i t e  thickness  and double-wall s t ruc tu res .  This  equatlon, 
which includes a 50% increase i n  skin thickness  3ver p e n e t r a t i m  
depth i n  o r d e r  t:, s top  t h e  aeteoroid,  i s  defined as follows: 

ti = individual  f i n i t e  - sheet thickness,  em'. 

Mp = penetrat ing meteomid mass, 9 s .  
V, = met.enrc?id impact veloci ty ,  iim/sec. 
C t  = t a r g e t  materid sonic veloci ty ,  Kn/sec., 

f ' m  y t  

K = multi-sheet e f f i c i ency  factDr (Table V B)  

i- 
C = t i  , E = e l a s t i c  modulus 

= meteomid densi ty ,  q / c c  
= t a r g e t  material density,  gm/cc 
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4.2.3 P ro tec t ion  Criteria - A design evaluat ion will be conducted 
t o  assess t h e  p robab i l i t y  of no meteoroid penetrat ion of 
c r i t i c a l  exposed areas. This study w i l l  u t i l i z e  the sporadic 
and shower f l u e s  of 4.2.1 and t h e  penetrat ion r e s i s t ance  
equation of 4.2.2. The meteoroid impacts w i l l  be considered 
t o  occur normal t o  t h e  surface under if lvestigation. Separate 
p r o b a b i l i t i e s  w i l l  be determined, by month, fo r  t h e  sporadic 
environment and f o r  t h e  sporadic p lus  showers. U t i l i z i n g  t h e  
known thickness  of  the exposed surface of t h e  item under con- 
s ide ra t ion  and the  appropriate v e l o c i t y  from e i t h e r  4.2.1 (1) 
o r  Table V A, t h e  equation of 4.2.2 w i l l  g ive t h e  c r i t i c a l  
meteoroid mass, M. ) 3r 

gives t h e  p robab i l i t y  of no penetrat ion where A i s  t h e  expoeed 
a rea  i n  square feet  and T i s  t h e  time i n  days. Having faund 
a p robab i l i t y  f o r  shower and sporadic hazards t h e  t o t a l  i s  
found Prom P T  = PlXP2. The t o t a l  exposed area w i l l  be used 
f o r  sporadic meteoroids and t h e  c r i t i c a l  projected area w i l l  
be used f o r  showers. 
penetrat ion due t o  sporadic meteoroids, Fig. 6 may be used. 
I n  Fig. 6 t h e  single s k i n  thickness  i s  taken as t h e  summation 
Df thickness  divided by K from Table V B. Since Fig. 6 is  
based on t h e  average annual f l u x  t h e  r a t i o  R, Fig. 7, should 
be used t o  ca l cu la t e  t h e  monthly probabi l i ty .  Pmonth = 1 - 
(1-Pannud)R. 
pressure cmta ined  t h e r e i n  are not t o  be considered as forming 
a p a r t  of  t he  meteomid sh ie ld  (crew cabin wall excluded). 

By en te r ing  t h e  equations of 4.2.1 
(2)  t h e  c r i t i c a l  r a t e  N iS found. The r e l a t i o n  P = e' NA4 

I n  d e t e m i n l n g  t h e  p robab i l i t y  of no 

Tank walls t h a t  are s t r e s s e d  due t o  f l u i d  

Meteoroid environment shall not be inveat igated by subcontractors 
f 3 r  e f f e c t s  on LEM equipment design, except f o r  e f f o r t  during 
negzhiations.  SubcmtractDrs w i l l  be advised i f  e f f 3 r t  is 
required. 
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* 
1.3 Lunar Surface Model 

+.3.1 
the surface af t h e  'noon i s  162.0 cm/sec* (5.315 f t / s ec2 ) .  
2quivdent  t o  1/6.0535 times the standard surface g rav i ty  of t h e  e a r t h .  

Gravity - The mean acce le ra t ion  due t o  t h e  moon's g rav i ty  a t  
This is 

+.3.2 
2xceed lJ-Ig :m of HI,. 

Pressure - The atmospheric pressure of t h e  moon does not 

lc.3.3 Thennil - The surface temperature v a r i e s  between +120"C (250'F) 
3n t h e  b r i g h t  side t o  -185" (-300°F) on t h e  dark side of t h e  ?om. 
radiatim i s  440 B'lJJ/sq. f t . / h r .  The thermal albedo i s  0.124. Th t h e m a l  
conductivity ( k )  of t h e  luna r  surface layer i s  on t h e  o rde r  of lo-& Cal/sec/ 
cm/OK with a dens i ty  (17)  of .1 t s  .3 ~ m / c . n 3  and a s p e c i f i c  heat  ( c )  f .1 t o  

The s o l a r  

.2 C a l / p ° K .  Thc y o d u c t  of kpc is on t h e  order  of Cel2/sec/cm c /'K2. 

4.3.3.1 
a v e w e  value 3f 0.37. 
md as hi,;h as 3.1.1 an mountain slapes.  

Visible  KLbedo - The vis ible  albedo of t h e  l u n a r  surface has an 
The l o c a l  value i s  as low as 0.06 i n  some c r a t e r  f lmrs  

4.5.4 
used far t he  LE24 l a n d i x  s i t e  is  shown i n  Fi:,ure J, which i s  same as Fi{:ure 
24a af Exhibit  R 3f t h e  LEN coritract. The surface bearing s t rengths  assuied 
f o r  design are 12 ps i ,  f o r  t h e  dust  l a y e r ,  200 p s i  f o r  t h e  rock f h t h  and 
403 p s i  for t h e  seni-continuous rock l aye r .  
of 4.3.3 i s  cu r ren t ly  under study f D r  v e r i f i c a t i o n .  

Lalidin;: S i t e  Toindraphy - The s m a l l  s c a l e  t3pDgraphy t o  be 

The data of t h i s  paragraph and 

4.3.11.1 
v a r i e s  considerabl; t h e  following cncineering design rno(le1 w i l l  be used i n  con- 

La:.ding S i t e  Engincering Design Model - Since t h e  luna r  surface 

fi:;uriii-g t h e  landing Gear: Rcf. 16 

(57" .3&---- 
Sl:,;~c - (Referenced t o  l a c a l  horizontal)  = 5" + 24" - 

Where % = Overturniflg Radius 

T h i s  i s  a n  " e f f e c t i v e  s13pcI' t h a t  i s  it includes any depressions, pro- 
tuberances o r  mils  nechanics e f f e c t s .  Ref'crence F i C q r e  $ 3 .  

Protuberance IIeiRht = 24" maxiw.m - neasured up f ron  the  
highest  p l a n e  f a m e d  by the  Gear pads. 

Bearin!: Strength - Pads s i z e d  t o  support t h e  LE4 on a 12 PSI 
surface f x  t h e  -naxinun v e r t i c a l  gmund r e a c t i m .  

8 

Coeff ic ient  of FrictiDn - Sl id ing  0.1 t a  0.8 and f u l l y  con- 
s t r a ined .  Assume constant. f o r  any given s t a b i l i t y  p l o t .  

The m a x i w m  horizDrital v e l x i t y  i s  5 feet  per second i n  any*d i rcc t ion  and 
s t a b i l i t y  i s  t:, be assured under these canditions.  

L 
G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R Y O R A T I O N  
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4 .4  Human Tolerance L i m i t s  

4.4.1 
s h a l l  be 7.6  mm of Hg. Maximum. 
Figure 2 of Exhibit B .  

Carbon Dioxide - The carwon dioxide p a r t i a l  pressure nominal l i m i t  
The  emergency l i m i t s  s h a l l  be as indicated i n  

4.4.20 Cabin Temperature - The cabin temperature non-stressed l i m i t s  shal:  
bc 70 P minialum and 80UF maximum.. The s t r e s sed  and emergency l i m i t s  are presen- 
ted i n  Figures 3 and 4 respect ively of Exhibit B. 

4.4 .3  
l i m i t s  shal l  be 40 percent minimum and 70 percent maximurn. The s t r e s s e d  and 
emergency l i m i t s  shall be as indicated i n  Figures 3 and 4 r e spec t ive ly  of 
Exhibit  B. 

Cabin Relat ive Humidity - The cabin r e l a t i v e  humidity non-stressed 

4 .4 .4  
4.1.1.3. 

Radiation L i m i t s  - The r a d i a t i o n  l i m i t s  s h a l l  be a spec i f i ed  i n  

4.4.5 
55 db i n  tile 600 cps t o  4800 cps range. The s t r e s sed  l i m i t  s h a l l  be the maxi- 
mum noise  l eve l  which w i l l  p e r m i t  communications w i t h  t he  ground and between 
crew members a t  a l l  times. The emergency l i m i t  is presented i n  Figure 7 of 
Exhibi t  B. 

- Noise - The noise non-stressed l i m i t  s h a l l  be 80 db o v e r a l l  and 

4.4.6 Vibration - The v ib ra t ion  s t r e s sed ,  non-stressed and emergency 
l i m i t s  a r e  presented i n  Figure 8 of Exhiblt B. 

4.4.7 Sustained Acceleration - The sustained acce le ra t ion  l i m i t s  s h a l l  
be as presented i n  Figures 9 ,  10 and 11 of Exhibit  B.  The sus t a ined  accelera- 
t i o n  performance limits a r e  defined as the maximum sustained accelerat ion t o  
which the crew s h a l l  be subjected and s t i l l  be required t o  make decis ions,  
perform hand c o n t r o l l e r  t a sks  r equ i r ing  v i sua l  acu i ty ,  e t c .  

4.4.6 
gency l i m i t s  s h a l l  be as indicated i n  Figures 12 and 13 respect ively of 
e x h i b i t  B. 

Impact i tcceleration - The i m p a c t  acce l e ra t ion  nominal and emer- 

5 .O Sumary of Simultaneous Conditions - Table 11. 

6 .O Weigh t  and Balance - Table 111. 

REPORT m-5m-1~ - 
R e v . D * T E  15 March 1964 

Contract No. MAS 9-1100 
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FIGURE 4 
RATIO OF ACCIJMULATIVE SHOWER FLUX 

TO TIIE SPORADIC F”X FOR A CAIENTYIR YEAR 
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REPORT LED-523-ic 
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FIGURE 5 

DEFINITXQN OF SYMBOU 

METEOROID ORBITAL PLANE 

I 

(- = e c c e n t r i c i t y  of o r b i t  

q = per ihe l ion  d i s t ance  (astronomical u n i t s )  

a = semi major a x i s  ( . as tmnomicd  u n i t s )  

n E longi tude of ascending node 

c3 = l a t i t u d e  of pe r ihe l ion  

i = i nc l ina t ion  of meteoroid orb i ta l  plane 

r = reference poin t  (ve rna l  equinox) 

IC = longi tude of pe r ihe l ion  

Contract  No. NAS 9-1100 REPORT LED-520-1C 
Rev. 15 March 1964 

G b ' U M M 4 N  4 I P C P b I '  f N G I N f f P I N G  C O P P O R A I I O N  . -  - - ~ 
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i c! 

Cont rac t  No. NAS 9-1100 REPORT LED-52O-lC 
Rev. DATE 15 March 1964 
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Table I LE51 Miseion Tfmes (L) LEM 
Normal Mission Sys's. LEM Time 

a n  crew Nominal (MP) 
. . . . .  . .  . . . . . .  . . . . .  

I 

c - 1.1 Acceptance and o the r  tests - 
1.2 Countdown a l l  None 6 0 0 ~  

12M 2. u u n c h  and W r t h  Ascent 
I1 I 27oM 

5M 11 ' I l l  
3. Earth Orbi t  (90 Minutes/Orbit) 
4. Translunar I n s e r t i o n  I ! 5 .  I n i t i a l  C o a s t  - t o  C l e a r  Inner Belt I t  I 1  20N 
6. Transposit ion ( J e t t i s o n  S IV B) 

\ 
40M 

7. Translunar Check Out - One 6 0 ~  
8 - Continue ...... - TransLU%.L.~.Tr*_. None :---...- None 6 4 8 ~ ~  -. 

2-8 (Launch and Trans lunaq  688714 
- ___ .. ..- . . ~ - -  . .. 18H ... 

9. Inse r t ion  i n t o  80 N.M. Lunar Or'bit 614 
10. Coast i n  Orbi t  11 15m 
11.. .W_chec.k. .Out Fend A l i @ & % E t  __ c_____I_______ a l l  TWO .- 

1 I 

11 
. .  __ .... L . .  

' 11 
- E.3 . Ho1d.s 

11 I1 

II 

11 

. . . . .  E@+ - -  . .... ... ..... - - .- .- _.__ - - --* - --*-.- ... .. *uL- ... 9-11 (Lunar Orbit) 

Orient  E34 and prepare for  Descent 
1.3 . 

11 11 

I1 
13.2~ 

I t  C0.0M 

12. Separate 100 feet 
13. 
14. I n s e r t  i n t o  E l l i p t i c a l  Orbi t  (Sync) . D. 0.m 

D. 4.0M 
15. C o a s t  t o  'j0,OOO f t .  Pericynthion 

D. 2.3 
16. Retro t o  20 N. Mi. of Landing S i t e  , 

E. 2.0N 
17. Final Powered Descent t o  1000 f t .  

12-18 (Lunar Descent] 

11 

11 11 

11 11 

I1  I f  

.- 18. ._ __ __ - ._ Hover - to- - Touchdown .~ __.__c.. . - . .- 83. -~-. 

f f . .-_ _. - ___-I_ . .  - . .__.. ...___-_____ -~ .. 1.3PK 2 

20. Powered Ascent t o  50,000 Circ.  Orbi t  A .  7 . 3  
--.-----. 1 . i .  Lunar  Stay . .. -. . _____ lr _____ . . . .  3%- 1 .. 

21. Orbit  Contingency Coast i n  50,000 11 I 1  

22. 
23.  C o a s t  i n  Transfer Orb i t  I1 I 1  

24. Rendezvous form 30 N.M. t o  500 f t .  
25. Dock from 500 f t .  t o  Contact 
26. Transfer  C r e w  

* Orb i t  
I n s e r t  i n t o  In t e rcep t  Transfer Orbi t  I1 11 

(1 I1 

I1 I 1  

20-26 
11 . .  None 

_ .  .-- . . . . .  ~. - ..- . .  . .  . .  

. . .  . . 2-26 . .  .- . . .  .- . 

13. Descent Engine Operating Time (Not including (135) 
seconds prelauncn check) ( h t y  cycle time i n  En- 
g ine  Spec. = 730 seconds) 
Ascent Engine Operating !Bme (Not including (60) 
Seconds prelaunch check]@uty cycle t h e  i n  Engine 
Spec. = 445 see . )  
LEN l i f e t i m e  - See page 2 (ref. 16) Sum of (1) 

A ,  

[L.) 
T o t a l  from earth launch (ref. 16) 1 6 6 . 8 8 ~ ~  

[from e a r t h  launch i n  days = 
(M.P.) Mission Phase (ref.  16) * includes 9 hour o r b i t  contingenay after Lunar Stay 

M Minutes 
€I Hours 

Contract No. NAS 9-1100 REPORT LED-520-1C 
Rev. DATE 1 5  March 1964 
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e 
PAGE 37 1 

Notes: 1. 

?* 

3.  

4. 

5. 

6. 

7. 

8. 

9 .  

10 

TABLE: I1 
MISSION IavExs 

ENVIRONMEXCAL AND LOAD CONDITIONS 

Factors  of s a f e t y  are n3t  included i n  t h e  l e v e l s  spec i f i ed  
here in  and s h a l l  be appl ied t o  these  values  and self- 
generated s t r u c t u r a l  loads of each subsystem. 
are t h e  maximum expected. 

The l e v e l s  given 

a. 
b. Ground equipment r e f .  3.4 

LEM/or ind iv idua l  itens r e f .  3.2 

AU acce le ra t ions  are "ea h g ' s " .  *Multiply by e a r t h  
weight o r  use 32.2 f t / s ec .  as appropriate . (s ign conv. - page 28) 5! 

Vibrat ional  spec t r a  shown gives  e t r a i g h t  l i n e s  on a 
log-log p lo t .  

Packaged and unpackaged - Pre-launch t r anspor t a t ion  handling 
and s torage  type of package, 

Cabin - t h i s  includes t h e  crew compartment and t h e  equipment 
tunnel  t h a t  w i l l  be  pressurized. 

Equipment bay - Equipment hay i n  e i t h e r  t h e  Ascent s t age  31" 
Descent s tage  ex te rna l  t o  t h e  cabin. 

Radiation - appl ied t o  ex terna l  and i n t e r n a l  items. 
R e f .  para. 4.0 and 4.1. . 
Meteoroids - app l i e s  ta externa l  items only. Ref. para. 4.2 
4.2.1, 4.2.2 ana 4.2.3. 

External  sur face  of t h e  LEM - t h i s  i s  t h e  hea t  sh ie ld .  

Plume induced environments. 

a. 

b. Engines - w i l l  be specified 

RCS - as per  paragraph 4.1.2.3 

O R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABU I1 

MISSION I.it3VELS 

ENVIRONMEXIAL AND LOAD CONDITIONS 

la) Pre-Launch - Packwed@ 

Acceleration: (n s )  

Shock: (4 

Vibration: ( n s )  

Transportation, handling and s torage 
i n  shipping container  s h a l l  not  
produce c r i t i c a l  design loads on the 
LEN and s h a l l  no t  i nc rease  weight of 
t h e  LIB!. 

2.67 g v e r t i c a l  with 1.0 a t e r a l ,  
appl ied t o  the package. 

1.0 g v e r t i , * a l  

2.0 g i n  d i r e c t i o n  of ho i s t ing  (when 
r i n g s  are used, consider applieci t o  
any one o r  any combination of r i n g s ) .  

Shock as i n  MIL-STD-810 (USAF) 
14 June 1962 Method 516 Procedure I11 
(Except; LEN Vehicle, which i s  t o  be 
supplied ) . * 
The following v ib ra t ion  l e v e l s  are 
spec i f i ed  during t r anspor t a t ion ,  
handling and s torage.  Vibration t o  
be appl ied,  along t h r e e  mutually 
perpendicular axes, 'x, y, and Z t o  
the  package. 

(Time: 1/2 Octave pe r  minute, t h r e e  
tines pe r  axis from 5 cps t o  max cps 
arid back t o  5 cps) .  

For 100 lb. or less For 300 lb. or more 

CP S g or D.A. cps g or D.A. 
5-7.2 .5 i n  D.A. 5-7.2 .5 i n  I).A 

26-5. .036 D.A. ~ 6 - 5 . -  ,036 D.A. 
7.2->:6 - +1.3 g 7-2-26 +1,3 .g 

(f) f o r  100 t o  300 lbs  - use f i g u r e  514-8 
Method 514 MIL-STD 810 (USAF) 14 June 
1962 f o r  maximum frequency. 

* Pressure Atmospheric pressure corresponding 
t o  sea l e v e l  t o  50,000 feet. 

Temperature -650~ t o  +1600~. 
@ For packaged i n  s p e c i a l  container ( reuseable)  see UP-420-001 - a p p l i e s  t o  

Engines, Fuel Cell, and components of RCS, and ECS. 
REPORT m-520-1C 
DATE Rev. 15 March 1904 Contract  No. NAS 9-ll00 1 

O R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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* 

0 

4 

a 

TABLE If 

MISSION %FXlZTS 

ENV&NMEW.!AL AND & CONDITIONS 
:a) Pre-Launch - Pacmed (Continued) 
* Humidity: (4 0 to 100 percent relative humidity 

including condensation. 

* Salt Spray: (nc) 

* Sand and Dust (nc) 

, Fungus: 

Rain as defined in Method 506 MIL-STD 
810 (USAF) 14 June 1962. ' 

- Salt Spray as encountered in a beach 
area (equivalent to spray of 5s salt 
solution in water for 50 hours). 

As in desert and/beach areas, equiv- 
alent to 140 mesh screen silica f lour  
up to 500 ft/min (up to 2000 at WSMR) 
at 700 +20°F as in Method 510 MIL-STD - 
810. 

In accordance with Method 508, MIL- 
sm-810 (USAF) 14 June 1962. 

Exposure with 0.05 parts/million con- 
centration (1/2 toxic limit). 

* Hazardous Gases Explosion exposure as defined in 
Method 511, MIL-STD-810 (USAF) 
14 June 1962. 

* Electromagnetic 
Interference : In accordance with LSP-530-001. 

(ns) 

Earth gravity cDmpensation is not 
required. 

Not simultaneous loading conditions 
at these levels. 

Not simultaneous environment condit- 
ions at these levels. 

Ambient envlronaaent on outside of. 
package. 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABEL I1 

MISSION L;EvELs 

ENVIRONMENTAL AND XIAD CONDITIONS 

(b) Pre-Launch - Unpackaged 

Acceldrat  ims 

Shock 

Vibration 

Pre s sure 

Temperature 

(VI 1.0 g v e r t i c a l  

(n s  1 2.67 Q Verti.:al with 1.0 g Late ra l  

2 .0  g i n  d i r ed t ion  of ho i s t ing  (n.1 

Shock as i n  MIL-STD-810 (USAF) 
14 June 1962 Method 516, Procedure I 
Modified. ModiPj shockpulse t o  
&wtooth 15 g peak 10-12ms rise, 9-2m~ 
decay. 
ta be supplied. 

(Except LEM vehic le  which is 

Same as prc-launch packaced but 
appl ied  t o  item. 

Ambient ground level piessure.  
(Hermetically sealed units i n s t a l l e d  
i n  t he  crew compartment w i l l  be 
subjected t o  a l i m i t  p ressure  of 
20 psi absolu te  during prcf l  ji:ht, 
checkout ) . 
-20'F t 3  llO°F Aqbient A i r  
Ternperature plus 360 BTU/FT% 
up t:, 6 hr/day. 

~ _ _ _  - 

Contract NAS 9-1100 
REPORT LED-520-1C 

RevoArE 1.5 March 1964 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABLE 11 

MISSION L;GvELs 

EWIRONMETlTAL AND Lo CONDITIONS 

* 

(b) Pre-hunch  Unpackaged (Cont'd) 

Humidity 

Rain 

Salt Fog 

Sand and Dust 

Fungus 

Ozone 

Hazardous gases 

Elec trcanagnet i c  
I n t e f  erence 

15% t o  100% r e l a t i v e  humidity including 
condensation. 

Same as packaged but  no d i r e c t  impingement 

As i n  ~ L - S T D - ~ L ~  (USAF) Method 509. 

Same as Pre-Launch Packaged 

Same as Pre-Launch Packaged 

Same as Pre-bunch  Packaged 

Same as We-Launch Packaged 

Same as Pre-bunch  Packaged 

G R U M M A N  A l R C R A f T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABU I1 

ETTVIRONMENTAL CONDITIONS 

( c )  Prelaunch - Unpackaged - Equlpnent Operating 

Acceleration: 

Random Vibration 

SinueQida 1 Vibration : 

Acoustics: 

Pressure: 

Thermal Vacuum 

Not appl icable .  

Randoan v ib ra t ion  shal l  be 75 seconds 
f o r  each of t h e  three muturn  prpt?n- 
d i c u h r  axes; x, y and z. 

Input t o  e q u l p n t  supports from 
primary s t ruc tu re .  

10-28 Cps -18 8 / c p s  Constant 
28-37 CPS 
37-1000 cps conatant 
looal200 cps 
1200-2000 cps 

Not appl icable  

( t o  be supplied) 

5.8 ps ig  0, i n  cabln,atmospherlc prccsure 
corresponding t o  sea level t o  l50,OOO feet 
dur ing  engine f t r l n g .  

(To be supplleci) 

G R U M Y A M ~ A I R ~ C R A I T  t N G  W I N O  C O R P O R A T I O N  



TABLE I1 

ENVIRONMETTAL CONDITIONS 

( c )  Prelaunch - Unpackaged - EquipIlent Operating (Conga) 

T s m p e l a t u r e  : Same a8 pro-launch unpackaged 

Ihrmidity : 

Rain: 

Sanae as  pre-hunch unpackaged 

(to be supplied) 

Salt Spray: Not applicable 

6end and Dust Not applicable 

Fungus : Not applicable 

ozone : Not applicable 

Hazardous Gas: ( t o  be supplied) 

Hazardous Liquid : (to be supplied) 

Electromagnetic Interference : Sam as pre-launoh packaged. 

Resctlon Control Tbrtwters, ascent, and descent engine firing: 
( t o  be supplied) 

I Exhaust Temperature . - 

Ekhaust gas composition -. 
Exhaust Mock No - 9 ,  

Exhaust pressure ' 1  - 

m /f t2/, c o d  " . - 
I 

RtCOtI LED- 5 2 a  1C 
mit  Rev. 15 Wsrch Contract; Ro. NAS g - l l O O  

115 7 s  
G R U M M A N  A I R C R A F l  t N G l N t t R l N G  C O R P O R A T I O N  
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X - 
Acceleration ( 2 )  Rad/Scc' 
Boost Condition (S-lC) - 
M a x .  y Condition (S-1C) +2.1 - 
Cut Off-Conditi?n (s-IC) -2.6 - 
Enzinc 1-17 rdover ( S- 11) e . 3  - 
Zn&ine JInrdover (S-11) +2.3 - 
Earth Orbit 0 0 

MISSIO?! LEVELS 

1 z 
Y - I 

g R~id/Secc 2 z-iti/scc:' 
2.1 +.l - 
5.5 - 2.5  * - 
'*L. _ . _ -  - Z L L  
?s .6:, - - 

I 

- 
- - 
0 0 

ENVIROIDEITTAL APE) LOAD COIIDITIONS 

Vibration: The m i s c i m  environment cons i s t s  of the fo l lov ing  rnndom 
spectruni, ( c i )  or ( b )  applied f o r  17 minutes along each of t he  th ree  
mutually perpendicular axes, X, Y and Z .  

( 5 1 )  Input t g  e ,uipnent supports from e x t e r i o r  primary s t r u c t u r e .  

5-13 CpS  

13-15 CPS 
15-32 CPS 
32-49 C2E 
Q-QY cps 

1200-2000 cp:; 
950-1200 cps, 

.M $/cps constant 

- 3 0  e2/cps Constant 

-044 g2/cps Constnnt 

.015 g / c p s  Constant 

12 db/Octave r ise t o  

12 db/Octve Decrease t o  

I2 db/Octnvc decrcrlse t o  
0 

( 7 s )  Input t o  e uipment supports from i n t e r i o r  primary s t r u c t u r e .  

5-27 CPS .1€i $/cps Constant 
27-40 cps 12 tlb/Oct.we decrease t o  
4 0-2 OOOcps 
(2) Para. P.>.ZJ 

-0.36 g2/cps Constant 
S Iv B I r m i t i D n  pri3r t r ,  F:a.rLh \ 3 r \ 1 L i  
& r e i g n i t i m  f D r  trans1un:l . 3 > 1 ,  t . 

- 
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TABU I1 

MISSION - 
ENVIRONMEDTAL AND LOAD CONDITIONS 

(d)  Launch nnd Boost C-5 (Continued) 

Acoustics : Octave B a d  
(sound pressure levels (cps 
i n  d.  b. ex te rna l  t o  
im 2 
(re .om2 dynes/cm ) 9 t o  18.8 

18.8 to 87.5 

75 t o  150' 
150 to 300 
300 t o  600 
600 t o  1200 

1200 t o  2400 
2400 t o 4 8 0 0  
4800 to 9600 

o v e r d l  

* 37.5 t o  75 

C5 a t  mx. q 
Level (db) 

142 
141 
141 
138 
13 4 
130 
123 
116 
U.0 
104 
147 

Pressure : 

Temperature : 

Atmosp9ric pressure a t  sea level t o  

except i n  cabin which i s  pure oxygen 
20.5 psia  t o  5.8 psia 

1 x 10- .m & (Np), 

O b  160°F uncontrol led cabin 
O b  1 6 0 " ~  equipment bay - 

4 0 " ~ l O O " F  propulsion comportment 

+ l 5  t o  LOOF ambient sea level - WR 
-65 t o  165°F LEM ex te rna l  su r f r ce  

IIumidity: "none " 

Hazardous gases : 

Electromagnetic 
Interf'ece : 

Radiation : See Paragraph 4.1. 

Same as pre-launch packqed  

Same as pre-launch packaged 

Meteoroids : 

Checkout : 

Flux as spec i f ied  i n  T, ble V, ( f o r  ex-sr- 
n d  I tems) .  (ref. 4.2.3) 

See prelaunch unpackaged operat ing 

REPORT LED-520-1.c 
DATE Rev. 15 March 1964 
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TABU I1 

MISSION LEVBTS 

(e) Space Flight - Translunar 

SM prop. system operating 
SM prop. sys. not operatiw, 

Acceleration : 

Shock : 
condition transposition 

ENVIRONMEWI'AL AI3D LOAD CONDITZOIJS 

X Y Z ,-, e. R a d B c ' -  r: c Rnd/Sec? 

0 0 0 0 0 0 

* f  -.45 - IJ : .no Z . U .  2 .% 

- .84 0 k.085 t y . 0  2.085 t12.D 

Vibmtion : The mission environment consistsof the follow- 
SM p m p .  system 3perating irg randm spectrum applied f o r  6 minutes 

rlong each of the three rnutudly perpendiculm- 
axes, X, Y and Z. 

Input to equipment  support^ from primary 
structure. 

.089 g2/cps constmt 
12db/agtave decrease to 
,024 g'-/cps constant 
1 2  db/octcue decrease 

5 - 47 cps. 
47 - 65 cps. 
65 - 1000 cps. 

1000 - 2000 cps. 

Plume effects: Due to Engines to be supplied. 
Due to RCS In accordance with para. 4.1.2. . 

I 

. 
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TABLE I1 

MISSION LEVELS 

ENVIRONMENTAL AND LQAD CONDITIONS 

( e )  Space F l i g h t  Translunar (Con'd) 

P r e s  su re  : 

Temperature: .*X 

Hiinid i ty:  

Ozone : 

Hazardous Gas : 

Elec t  rornagnet i c 
Interference:  

Rad i a t  ion: 

Met eo ro i d s  : 

CAGE 47 

-14 1 x 10 
5.9 p s i a  control led cabin (02) 
5.8 t o  .1 p s i a  uncontrolled cabin (12)  
1 x 13-%rn Hg uncontrolled vacuuq (LEM Descent 

1 x 13-1°mm Hg uncontrolled vacuum (LEM 

mm Hg uncontrolled vacuum (space) 

s tage)  

ascent  s t age  ) 
. 

3 t o  +160'~ uncontrolled cabin 
3 t o  +l<J0F equipment bays 
70 t o  39°F control led cabin 

40 t o  13i)"F propulsion bays 
-15" t o  +175'F around f u e l  c e l l  
+263' t o  -260 '~  ex te rna l  surface 

2 For ex te rna l  items: 
So la r  r a d i a t i o n  = 44'3 BTU/ft  hr .  
Lunar surface: +253'F to  -303'F 
(depending on Sun's pos i t i on )  
Space = -460'F. 

40 t q  TJ$ i n  control led cabin 
3 to 130% uncontrolled cabin 

To be determined 

Same as pre-launch packaged 

Sane as pre-launch packaged 

Van Allen, S o l a r  F l a re  and Space background. 

minutes 1/2 hr .  delay - o u t e r  be l t  23) 
(See paragraph 4.1) .  

TG he defir?ed as needed ( i n n e r  belt I n  

Use d i s t r i b u t i o n  f o r  sporadic meteoroids, 
i n  accordance w i t h  Table V. 
items) paragraph 4.2.1. 

( f o r  ex te rna l  

b--pE , u i p e n t  temperature due t o  combined exposure s h a l l  be determined 
f'or ex te rna l  item . 

Contract HAS 9-1130 REPORT m-529-1c 
1 5  March 1964 DATE 
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TABLE I1 

g rad/sec' 
+i.i 2.31 

0 0 
r 

MISSION UVELS 

EZWIRONMENTAL AND LXZAD CONDITIONS 

Lunar Descent - Including separation, descent,  hover and touchdown 

g rad/sec' p rad/sec' 
k.11, k.47 k . l l  k.47 

0 1  0 0 0 
I 

Accelerat ions : 
g rad/sec' 
+i.i 2.31 

0 0 
r 

Descent e w i n e  operating 
Ti-ansfer Orb i t  

landing( t=, be supplied) 

g rad/sec' p rad/sec' 
k.11, k.47 k . l l  k.47 

0 1  0 0 0 
I 

Landing 
10-20 u s  rise time - ramp 

Case 1 
Case 2 
Case 3 
Case 4 

Vibration: 
De scent  Engine 
Operating 

A 1 

Plume e f f e c t s  ; 

Pressure: 

L 

Temperature -*+, -* 

A 1 L 

The mission environment c o n s i s t s  of t he  
followinc ran'dom spectrum appl ied f o r  11: 
minutes along each of the mutually per- 
pendicular axes, x, y and z. 

Input t o  equipment supports from primary 
s t ruc tu re .  

2 10 - 28 cps 
28 - 37 cpk 

37 - 1000 cps 
1000 - 1200 cps 

.18 g /cps constant  
12 db/octave decrease t o  

.059 (5 /cps constant 
lPdb/octave decrease t o  

2 

1200 - 2000 cps .031 e 2 /cps constant  

Due t o  Ewines t o  be supplied. 
Due t o  RCS i n  accordance with para. 4.1.2.3 
5 1  x 10-l' m HC uncontrolled vacuum 
4.8 t o  5 , 8  p s i a  control led cabin. 
1 x 13-9m HG uncontrolled vacuux (LIM 

aescent stage) 
1 x 1 )-%un Hg uncontrolled vazuun (LE34 

Ascent s tage ) 

3 t o  +16PF equipqent bays 
+40 t o  +130°F propuls ion bays 
50" to 93'F cabin - l o c a l  sp6ts 
+73 t o  +3)"F cabin - average 
-15 t o  +175"F around f u e l  c e l l  
+26O t o  -263'F ex te rna l  surface 

' REPORT LED-520-iC 
DATE Rev. 15March 1964 

LNO 1471 
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TABU I1 

MISSION U3VEIS 

ENV1m-L AND LOAD CONDITIONS 

( f )  Lunar Deccent (continued) . 
Temperature (cont inued)  For e x t e r n a l  items: 

Solar r ad ia t ion  = 440 BTU/F?/hr. 
Lunar sur face  +25O t o  -3OO'F depending on 
suns pos i t i on  - 
Spice = -460°F 

To be determined. 

Hazardous Gas: Same as pre-launch packaged. 
E i e c  tromapie ti c 
Interference:  Same a6 pre-launch packaged. 

Meteoroids: Use d i s t r i b u t i o n  for sporadic meteoroids as 
spec i f ied  i n  Table V ( f o r  e x t e r n a l  i t e m s )  
(paragraph 4.2.3) 

Sand and Dust: This i s  t o  be spec l f i ed  by Grurmnan 

Radiation: See Paragraph 4.1. 

Equipment temperature due t o  combined exposure s h a l l  be determined for 
e x t e r n a l  i t e m s .  

* The backface '-,emperatwe of the  Descent Engine Combustion Chamber i s  
f490°F. the heat shield orever-rts t he  i n t e r n a l  cav i ty  structure f r o m  
sce iw, this . 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  
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TABm I1 

MISSION LEVELS 

EWIRclNMENTAL AND LQAD CONDITIONS 

( G )  Lunar Stay 

Accelerations:  

cond. - a t  rest 

Shock : 

NOTES : 

X - 

Not c r i t i c a l  

Ascent 2nd descent encines not operating. Vibration c?ue t o  other 
sources t o  be supplied. 

Contract No. NAS g-llOO R ~ P O R T  L E D - 5 2 0 ~  
RevPATL 15March 1964 
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Contract No. NAS 9-1100 REPORT LED-523-1c 

Rev. DATE 15 Varch lgt 11 

TABU I1 

MISSION LEVELS 

ENVIFONMEXJXL AND LOAD CONDITIONS 

( g i  Lunar Stay (Con'd) 

Pres su re  : 1 x 19-12m Hg uncontrolled vacuua 
( su r face  of  moon) 

5.13 p s i a  (32)  control led cabin 
1 x 19-%run Hg cabin (hatch open) 
1 x 13-%m Hg uncontrolled vacuum (LEM 

1 x 10'lomn Hg uncontrolled vacuum (LESI 
Descent sta::e) 

Ascent s t age  ) 

Temperature : 0 t o  + 1 6 0 " ~  equipment bays 
40 t o  +1W0F propulsion bays - 
50 t o  90°F cabin l o c a l  spots - 
73 t o  %OF cabin average 
70 t o  80'F cabin (hatch open) (preli ininary) 

-15 t o  +175"F around fuel c e l l  
+260 t o  -260 '~  - ex te rna l  surface 
For  e x t e r n a l  items: 
Solar r a d i a t i o n  = 440 BTU/Ft h r .  
Lunar surface +253 t o  -330°F depending 

Space = -46O'F 

2 

on suns pos i t i on  

Hurn'. I i t y :  Controlled cabin ( 3 2 )  4'2 - TJ$ rel .  hu-n. Avg. 
l o c a l l y  i n  cabin ( 3 2 )  3 = 1)7$ re l .  huiLdity 

Oxonc : To be deternined. 

Hazardous Gas : Same as pre-launch packaged. 

Ea: i a t i on :  Solar f l a r e  and space bae-grounl  t o  be 
defined as needed. 
See paragraph 4.1.1 

Electromagnetic 
Interference:  

Same as packaged pre -launch. 

Meteoroids: Use d i s t r i b u t i o n  f o r  sporadic meteoroids 
as spec i f i ed  i n  Table V ( f o r  ex te rna l  i teqsj .  
(Ref. 4.2.1) 

S a d  a n l  Dust: This i s  t o  be spec i f i ed  by Grumman. 

ENC-I4 A G R U M M A N  A I R C R A F T  I N G I N ~ E R I N G  C O R P O R A T I O N  
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PAGE 5'2 

TABLE: I1 

MISSION JXVELS 

EIMROIMEWTAL AFTD LOAD CONDITIONS 

(h) Lunar Ascent - Including ascent rendezvous and docking 

Vibration: The nission environment. cons i s t s  of t h e  
engine operat  ing following ranilorn spectra? applied f a r  8 ;  

minutes alang each of t h e  t h r e e  n u t u d l y  
perpendicular axes, x, y and z. 

Input t o  equipment supports f ron  primary 
s t ruc tu re .  

10-28 cps .18 g2/cps canstant  
28-37 CPS 12cib/octave decrease t a  
37-1300 CPS .OS9 g2/cps constarit 
1000-1200 cps l2db/actave decrease ta 
1200-2000 cps .031 g2/cps c3nstm-t 

P l u i c  Effect- :  Due ta Engines t o  be supplied. 
Due t o  'ICs i n  accordance with 

0 paragraph 4.1.2.3 .. 
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TABLE I1 
MISSION LEVELS 

ENVIRONMENTAL AND LOAD CONDITIONS 

) Lunar Ascent - 
Pres su re  : 1 x lJ-'*mm Hg uncontrolled vacuum (space)  

4.7 to 
1 x 10-23mm Hg uncontrolled vacuun (LEN A r w  i i  s t5  

.8 psia control led cabin 

Temperature *, * 0 t:, +160O~ equipment bays 

+40 t o  + l O O ° F  p m p u l s i m  bays 

50" t 3  gO°F cabin - Y x a l  spDts 

+TO t 3  +80"~ cabin - avsrage 

-15 t:, +175"F Amund Fuel Cell 

+ 260 t o  -260°F external surface 
+ 400'F f D r  5 ninutes,  external sepamtiD,:! surface 

F D r  ex t e rna l  items: 

SDla r  r ad ia t i3n  = 440 BTU/FT2/hr. 
Lunar surface +25O t c ,  -300°F depending 3n  
Sun's p s i t i a n  - 
S_nace = -460°F 

Hu? i d it y : CDntrDllcd cabin ( 3 2 ) ,  40 t3  73;'') r.h. 
LDcally i n  cabin ( g 2 ) ,  0 t? 190$ r.h. 

OZDnc: T3 be detemined.  

IIazardms G a s  : 

Elec t rmagnet  i c  
In t e r f e rence  : Same as pre-launch packawl.  

Sane as pre-launch p&kal;eci. 

Me t c  3 r3 ids : U s e  d i s t r i b u t i 3 n  €37. :qnrariic rnetesraicls as 
rperified i n  Table V ( f o r  ex te rna l  i tens)  
(paragraph 4.2.3) . 

Sand and Dust: This i s  t2 be specif ied by Gi-unnar, 

Rad ia t  i3n  : See Paragraph 1+. 1. 

Equipncnt temperature due t3 co-nbined e x p s u r e  s h a l l  oe deterninea f3r 
e x t e r n a l  i tens. 

* The bac ' face teqperature  3f t h e  Ascent En[;ine CmbustiDi, Chaiber is t.) 

if+ 

be supplied. 

REPORT D-520-1c 
C m t r a c t  No. NAS 9-1100 K ~ V D A T E  1; March i.964 
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?AGE 59 

TABU V B 

DOUBU W A J L  EFFICIENCY FACTOR 

1 

h NO 

t CORE t 

LOW DENSITY 

POROUS PLASTIC 

CORE 

HONEXCm CORE 

NO FILUR 

t 

h 

1.0 

1 . 5  

2.0 

I_---- 

1.0 

1.5 

2.0 

- 

1.0 

1 . 5  

2.0 

K I 
0.50 

0.35 

0.20 

93.33 

0.25 

0.14 

o .67 

0.47 

0.27 

K = EFFICIENCY FACTOR 

R e f .  1 5  
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